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Abstract — A modified approach for Feed-Through logic (FTL) is developed in this paper to provide a design of a low 
power and high performance dynamic circuit . The need for faster circuits with low power dissipation has made it common 
practice to use feedthrogh logic. The proposed circuit for low power improves dynamic power consumption as compared to 
the existing feedthrough logic and to further improve its speed we proposed another circuit which improves the speed by 
sacrificing dynamic power consumption. The proposed circuit is simulated using 180 nm, 1.8 V CMOS process 
technology. FTL performs a partial evaluation in a computational block before its input signals reach a valid level , and 
performs a quick final evaluation as soon as the inputs arrive , leading to a reduction in the delay. Intensive simulation 
results in Cadence environment shows that the proposed modified low-power structure reduces the dynamic power 
approximately by 35% and the modified structure for high performance achieves a speed up- 1.3 for 10-stage of inverters 
and 8 -bit ripple carry adder in comparison to existing feedthrough logic. The concept is validated through extensive 
simulation. Problems associated with domino logic like limitation of non-inverting only logic and the need of output inverter 
are eliminated. 
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I. INTRODUCTION 

In the past major concern in VLSI design was area, performance, cost and reliability; power consideration was mostly of 
secondary importance. In recent years, this has begun to change increasingly; power is being given comparable weight to 
area and speed consideration. The various design techniques proposed in the last two decades trade power for performance. 
This is achieved through a mix of dynamic and static circuit styles [1], use of dual threshold voltage transistors [2] and dual 
supply voltages [3]. For many applications, speed improvement is achieved at the expense of power. 

Domino logic circuits are widely used in high performance integrated circuits. It reduces silicon area, transistor count and 
improves performance as compared to static CMOS logic [4, 5, 6]. The major drawback of domino logic circuit is its 
excessive power dissipation due tos witching activity and requirement of inverters during cascading various logic blocks. 

To improve the power consumption further a new logic family called as feedthrough logic (FTL) is proposed in [7]. This 
logic works on domino concept along with the important feature that output is evaluated before all the inputs are valid. This 
feature results in very fast evaluation in computational block. The problems associated with domino logic [4] circuits like 
charge sharing, charge leakage and non-inverting logic are completely eliminated. 

The dynamic design in [3] uses high supply voltage for logic evaluation and low supply voltage for clocking dynamic logic. 
The adder designed in [8] uses architectural technique to reduce the short circuit current, the research work in [10] uses two 
dynamic gate between three static gates. 
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Where ai is the switching factor at node i, C i load is the load capacitance at node i, V i swing is the voltage swing at node i, Fcikis 
the system clock frequency and Vddis the supply voltage. 


In this paper we present the design of a low power FTL (LP-FTL) circuit that further improves the power consumption of 
FTL in [7] at the cost of propagation delay. In order to prove the usefulness of the proposed circuit we designed an 8 -bit 
ripple carry adder (RCA) structure. The LP-FTL circuit is further modified to improve speed. 


The rest of the sections are organized as follows, in section II the existing basic FTL structure operating principle is 
explained, section III presents the proposed modified FTL structures, section IV presents the performance analysis of both 
the proposed structure using a long chain of inverter. The performance analysis of an 8 -bit ripple carry adder (RCA) structure 
given in section V, and conclusions are derived in section VI. 
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Fig. 1. (a) Basic structure ofFTL. (b) Transistor level circuit diagram for long chain of inverter using FTL (10-stages) (c) Output voltages from 1 st stage (Nl) to 10 th 
stage (N10) of Inverters designed by using basic FTL . 


II. Conventional Ftl (Feed Through Logic) 

Feedthrough logic is shown in fig.l(a).The basic structure of FTL is shown in Fig. 1(a). It consist a NMOS reset transistor 
Mr for resetting the output node to low logic level, a pull up PMOS load transistor Mp and an NMOS block. Mp and Mr 
controlled by the clock signal CLK. 

The basic principle of operation of a FTL circuit was presented in [7] and is briefed here. During CLK=1, (reset phase) Mr 
turned on and the output node pulled to ground through Mr . Since the output node is pulled to ground during reset phase the 
need of inverter during cascading is eliminated. When CLK goes low (evaluation phase) Mr is turned off and the output node 
conditionally evaluates to logic high (VOH) or low (VOL) depending upon input to NMOS block. If the NMOS block 
evaluates to high then output node pulled toward VDD otherwise it remain at logic low. 

A long chain of inverter designed by using FTL is shown in Fig. 1(b). When CLK=1, all the output nodes are at logic zero. 
When CLK goes low, the output node of the cascaded gate rises to the gate threshold voltage VTH as shown in Fig. l.(c). At 
this point any small variation in the input node causes a fast variation in voltage at the output node. When the inputs to the 
gates are valid then output node makes only a partial transition from VTH to VOH or VOL. Since here the transition at 
output node occurs only from VTH to VOH or VOL as a result both low-to-high and high-to-low propagation delay reduces. 

Despite its performance advantage, FTL suffers from reduced noise margin, direct path current and the most important is 
non-zero nominal low output voltage caused by the contention between PMOS (Mp) and NMOS in the evaluation block, i.e. 
VOL^ O.This makes more dynamic power consumption by the circuit. 

III. Proposed Modified Ftl 
L ow power proposed modified FTL (LP-FTL) 

The proposed modified circuit is shown in Fig. 2(a). This circuit reduces VOL by using one additional PMOS transistor MP2 
in series with MP1. The operation of this circuit is similar to that ofFTL in [7]. During reset phase i.e. when CLK = 1, output 
node is pulled to ground (GND) through Mr. During evaluation phase output node charges through Mpl and Mp2. When 
CLK goes low (evaluation phase) Mr is turned off and the output node conditionally evaluates to logic high (VOH) or low 
(VOL) depending upon input to NMOS block. If the NMOS block evaluates to high then output node pulled toward VDD i.e. 
VOH =VDD, otherwise it remain at logic low i.e. VOL. Since Mpl and Mp2 are in series the voltage at drain of MP1 is less 
than VDD. During evaluation due to ratio logic the output node pulled to logic low voltage i.e. VOL which is less than the 
VOL of existing FTL. This reduction in VOL causes significant reduction in dynamic power consumption but due to the 
insertion of PMOS transistor Mp2 propagation delay of the proposed LP-FTL in Fig. 2(a). increases. 

The propagation delay of propose FTL circuit can be improved by using an NMOS transistor as shown in Fig. 2(b). 

High speed proposed modified FTL (HS-FTL) 

In order to improve the speed of proposed LP-FTL structure the reset transistor Mr is connected to VDD/2 as shown in Fig. 
2(b). The operation of this circuit is as follows, when CLK =1, the output node (OUT) will charges to the threshold voltage 
VTH. During evaluation phase according to input value the output node only makes partial transition from VTH to VOH or 
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VOL. Since during evaluation phase the output node (OUT) only makes partial transitions, this improves propagation delay. 
An inverter designed by using HS-FTL is shown in Fig. 2(c). 




Fig. 2. (a) Proposed modified low power FTL structure (LP-FTL). (b) Proposed modified high speed FTL structure (HS-FTL). (c) Circuit diagram of inverter using 
HS-FTL structure. 




Fig. 3. Plot of the output voltages from 1 51 stage (N1 ) to 1 0 th stage (N10) of inverters, (a) For FTL structure in [7]. (b) For LP-FTL structure, (c) For HS-FTL structure. 


IV. Performace Analysis Of Proposed Modified Ftl 

The two proposed modified FTL structure's performance is verified against the existing FTL structure in [7] by designing a 
long chain of inverter consisting 10 stages. We have used 180nm CMOS process technology model library from UMC, using 
the parameter for typical process corner at 25 0C. Power supply VDD is constant for all simulations and is equal to 1.8V. 
Circuits are simulated in HSPICE simulator. 

Fig. 3(a-c).show the plot of output voltage from the 1st stage of inverter to the 10th stage of inverter at 20 fF capacitive loads 
for existing FTL in [7], proposed modified LP-FTL and HS-FTL respectively. From Fig. 3(a) and 3(b) the VOL value of LP- 
FTL is less than that of existing FTL in [7]. The transition for HS-FTL occurs from VTH to either VOH or VOL as shown in 
Fig. 3(c). 

Table I shows the dynamic power, average values of propagation delays (tp), and power delay product comparison of two 
proposed modified FTL and the existing FTL in [7] for20 fF capacitive load at 100 MHz. The LP-FTL structure provides 
reduction in power consumption due to reduction in VOL. The power consumption by LP-FTL structure is 36.8% less than 
that of FTL in [7]. The HS-FTL structure provides improvement in average propagation delay by a factor of 1.83 with respect 
to LP-FTL and 1.36 with respect to FTL in [7]. The power delay product of both the proposed modified FTL structure is 
better as compared to existing FTL structure. 
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Table! Simulation results for ftl, lp-ftl, hs-ftl 

(1 0-INVERTER CHAIN) 


Logic family 

Power 

t p 

PDP 


(HW) 

(ns) 

(uW* ns) 

FTL in [7] 

290.1 

1.294 

375.38 

Proposed LP-FTL 

183.2 

1.743 

319.31 

Proposed HS-FTL 

316.9 

0.95 

301.05 


V. Ripple Carry Adder Design and Performace Analysis 

A full adder is designed by using these basic sum and carry cell shown in Fig. 4(a), (b). These basic cells are designed by 
using proposed modified LP-FTL structure. These cells are used for the design of 8-bit ripple carry adder as in [4]. Cells for 
the HS-FTL structure are similar[9]. 

All the 8-bit ripple carry adders designed by various structures are simulated in 180 nm CMOS process technology model 
library from UMC, using the parameter for typical process corner at 250C. Power supply VDD is constant for all simulations 
and is equal to 1.8V. 



300 



FTL [7] LP-FTL HS-FTL 


Fig. 5. power delay product for RCA 
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Table II shows dynamic power consumption, propagation delay time (tp), and power delay product (PDP) of existing FTL 
structure in [7], LP-FTL and HS-FTL structure for 10 fF capacitive loads at 100 MHz. 

With respect to the existing FTL structure the proposed LP-FTL structure provides 38% reduction in dynamic power. The 
proposed HS-FTL structure achieves a speed up factor of 2.65 with respect to LP-FTL structure and 1.96 with respect to 
existing FTL structure. 

The power delay product is shown in Fig. 5. From the PDP chart the PDP of both the proposed structures are better as 
compared to the existing FTL structure. The PDP improves due to reduction in power in LP-FTL and reduction in average 
propagation delay in HS-FTL structure. 

Fig. 6. and Fig. 7. are the plots of propagation delay versus load capacitance (variation from 1 fF to 20 fF) and temperature 
(variation from -20 0C to 120 0C). 

The effect of inter- stage load capacitance on dynamic power is shown in Fig. 8. by varying load capacitance from 1 fF to 20 
fF. The power consumption of the proposed LP-FTL structure is less as compared to the other structures. 

Table II. Simulation results for dynamic power for an 8-bit ripple 

CARRY ADDER DESIGNED BY PROPOSED FTL CIRCUITS AND THE EXISTING FTL 

STRUCTURE [7], 


Logic family 

Power (pW) 

tp(ns) 

PDP 

(jiW*ns) 

FTL in [71 

409.68 

0.63 

258.09 

Proposed LP-FTL 

249.91 

0.85 

212.42 

Proposed HS-FTL 

540.12 

0.32 

172.83 


VI. Propagation Delay 

The dependency of propagation delay on circuit parameter is given by [12] 


T d a 


VdD — 


( 1 . 5 ) 


Where a is the velocity saturation index varies between 1 and 2K depends upon W/L, the power dissipation and propagation 
delay both depends upon the supply voltage (VDD). The scaling of supply voltage causes the reduction in power whereas the 
propagation delay significantly increases. So for each design depending upon its application there exist a tradeoff between 
power and delay. Hence various logic styles are used to construct logic gates depending upon its application in terms of 
power, speed and area 



Ftg 6 Effect of output load on propagation delay 
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Fig 7 Effect of temperature on propagation clelay 



VII. Conclusion 

In this paper we proposed a low power dynamic circuit. The proposed circuit is simulated in 180 nm CMOS process 
technology from UMC. The proposed modified circuit when compared with the recently proposed scheme the LP-FTL 
structure reduces dynamic power consumption by at-least 35% as compared to existing FTL structure and the HS-FTL 
structure provides a speed up factor of at-least 1.35 over the LP-FTL and existing FTL structure. The simulation for a long 
chain of inverter (10-stage) and 8-bit ripple carry adder is also carried out in this work. The simulation result confirms that 
for a given load and at same frequency of operation the power delay product of both the proposed circuits is much better than 
that of existing FTL structure. 
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